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(57) Abstract: The invention relates to a method and a transmitter for limiting a signal at chip level. The4ransmitter limiting the 
signal at chip level comprises means (704) for determining a limiting signal from a transmissible signal filtered using a pulse shaping 
filter, the transmitter comprises means (704, 710, 712) for determining an error signal using the transmissible signal and the limiting 
signal, the transmitter comprises means (720) for generating a limited transmissible signal by reducing the error signal filtered using 
the filter matched to achip pulse waveform from the transmissible signal and the transmitter comprises means (722, 724) for filtering 
the limited transmissible signal using the pulse shaping filler. 
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Method for limiting signal and transmitter 

FIELD 

[0001] The invention relates to a method for limiting power or ampli- 
tude values of a signal in a transmitter at chip level, and a transmitter. 

5 BACKGROUND 

[0002] In several data transmission systems, the linearity of a power 
amplifier limits the obtainable maximum transmission power, especially when 
the Peak-to-Average Ratio of a transmissible signal is high. In such a case, 
high power or amplitude values may temporarily occur in a signal to be fed into 

10 the power amplifier that have to be taken into account when the power ampli- 
fier is being dimensioned. In practice, this means that the input signal of the 
amplifier must be scaled to a lower power or amplitude level in order to fulfil 
the spectrum requirements of the data transmission system in use. What this 
method, referred to as back off, provides is that a signal to be amplified is lo- 

1 5 cated within an area, where the transmission function of the amplifier is more 
linear. However, a problem arises, since back off reduces the efficiency of the 
amplifier and/or the transmitter. Then again, the power amplifiers having a 
broad linear operating range are expensive and the efficiency thereof is very 
poor. 

20 [0003] Different limiting, or clipping, methods concerning the power 

or amplitude values of signals have been developed in the background art. 
However, the prior art methods generally alter the signal in such a manner that 
in code division multiple access systems the orthogonality of different user- 
specific codes is no longer maintained. Occasionally the power or amplitude of 

25 transmission cannot be limited in practice in order for the detection in the re- 
ceiver of the subscriber device to be successful, since a multilevel modulation 
method is used, in which the symbols are placed so close to one another in a 
signal space diagram that even the slightest increase in noise causes anerror 
in the detection. The clipping should therefore be focused on those transmis- 

30 sions only that can be clipped. Examples of systems that cannot end ure signal 
clipping are the 3GPP (3 rd Generation Partnership Project) and the HSDPA 
(High Speed Downlink Packet Access) studied by the standardization forum. 
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BRIEF DESCRIPTION 

[0004] It is an object of the invention to provide an improved method 
and apparatus for limiting power or amplitude values of a signal. This is 
achieved with a method for limiting a signal in a transmitter at chip level. The 
5 method of the invention comprises determining a limiting signal from a trans- 
missible signal filtered using a pulse shaping filter, determining an error signal 
using the transmissible signal and the limiting signal, generating a limited 
transmissible signal by reducing an error signal filtered using the filter matched 
to a chip pulse waveform from the transmissible signal. 
10 [0005] The invention also relates to a method for limiting a signal in 

a transmitter at chip level. The method according to the invention comprises 
determining a limiting signal from a transmissible signal filtered using a pulse 
shaping filter, determining an error signal using the transmissible signal and 
the limiting signal, orthogonalizing the error signal filtered using the filter 
1 5 matched to a chip pulse waveform, generating a limited transmissible signal by 
reducing the orthogonalized error signal from the transmissible signal. 

[0006] The invention further relates to a method for limiting a signal 
in a transmitter at chip level. The method according to the invention comprises 
combining at least two signals modulated on different carriers to a combination 
20 signal, determining a limiting signal from the combination signal filtered using a 
pulse shaping filter, determining an error signal using the combination signal 
and the limiting signal, dividing the error signal onto different carriers in a pre- 
determined manner, generating limited transmissible signals by reducing each 
error signal part filtered using the filter matched to a chip pulse waveform from 
25 a corresponding transmissible signal. 

[0007] The invention also relates to a transmitter limiting a signal at 
chip level. The transmitter comprises means for determining a limiting signal 
from a transmissible signal filtered using a pulse shaping filter, the transmitter 
comprises means for determining an error signal using the transmissible signal 
30 and the limiting signal, the transmitter comprises means for generating a lim- 
ited transmissible signal by reducing the error signal filtered using the filter 
matched to a chip pulse waveform from the transmissible signal, the transmit- 
ter comprises means for filtering the limited transmissible signal using the 
pulse shaping filter. 

I° 008 3 The invention further relates to a transmitter limiting a -signal 
at chip level. The transmitter -comprises means for determining a first limiting 



35 
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signal from a transmissible signal filtered using a pulse shaping filter, the 
transmitter comprises means for determining a first error signal using the 
transmissible signal and the first limiting signal, the transmitter comprises 
means for orthogonalizing the first error signal filtered using the filter matched 
5 to a chip pulse waveform, the transmitter comprises means for generating a 
first limited transmissible signal by reducing the orthogonalized first error signal 
from the transmissible signal, the transmitter comprises means for determining 
a second limiting signal from the first limited transmissible signal filtered using 
the pulse shaping filter, the transmitter comprises means for determining a 

10 second error signal using the first limited transmissible signal and the second 
limiting signal, the transmitter comprises means for generating a second lim- 
ited transmissible signal by reducing the second error signal filtered using the 
filter matched to a chip pulse waveform from the transmissible signal, the 
transmitter comprises means for filtering the second limited transmissible sig- 

1 5 nal using the pulse shaping filter. 

[0009] The invention also relates to a transmitter limiting a signal at 
chip level. The transmitter comprises means for combining at least two signals 
modulated on different carriers to a combination signal, the transmitter com- 
prises means for determining a limiting signal from the combination signal fil- 

20 tered using a pulse shaping filter, the transmitter comprises means for deter- 
mining an error signal using the combination signal and the limiting signal, the 
transmitter comprises means for dividing the error signal onto different carriers 
in a predetermined manner, the transmitter comprises means for generating 
limited transmissible signals by reducing each error signal part filtered using 

25 the filter matched to a chip pulse waveform from a corresponding transmissible 
signal, the transmitter comprises means for filtering the limited transmissible 
signals using the pulse shaping filter, the transmitter comprises means for 
generating a combined limited transmissible signal by combining the filtered 
limited transmissible signals. 

30 [0010] The preferred embodiments of the invention are disclosed in 

the dependent claims. 

[0011] The invention is based on the idea that an error signal to be 
used for limiting is determined from a signal filtered using a pulse shaping filter, 
the error signal is filtered using a filter matched to a chip pulse waveform and 

35 the filtered error signal is reduced from a delayed transmissible signal. The 
limited transmissible signal thus obtained is filtered using the pulse shaping 
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filter. In the second embodiment of the invention, signals are also orthogonal- 
ized and the third embodiment is applicable to be used in multiple earner sys- 
tems. What is typical for all preferred embodiments of the invention is that the 
need to limit a signal is determined from a signal filtered using the pulse shap- 
5 ing filter, but a signal to be clipped is a signal that is not filtered using the pulse 
shaping filter. 

[0012] The method and transmitter according to the invention pro- 
vide several advantages. The method of the invention allows reducing the 
Peak-to-Average ratio. In addition, since the limited transmissible signal is fil- 

1 0 tered using the pulse shaping filter, the spread of the signal spectrum to other 
bands caused by limiting the power or amplitude values will be compensated. 
Since the need to limit the signal is determined from a signal filtered using the 
pulse shaping filter, whereby the effect of the pulse shaping filter is considered, 
the limitation of the signal becomes more efficient than if the limitation need 

1 5 was determined from a non-filtered signal. 

LIST OF DRAWINGS 

[0013] In the following the invention will be explained in greater de- 
tail by means of the preferred embodiments with reference to the accompany- 
ing drawings, in which 
20 Figure 1 shows an example of a telecommunication system, 

Figure 2 shows a second example of the telecommunication sys- 
tem, 

Figure 3 shows a flow chart according to a first embodiment, 
Figure 4 shows a flow chart according to a second embodiment, 

25 Figure 5 shows a flow chart according to a third embodiment, 

Figure 6 illustrates an error vector, 
Figure 7 shows an example of a limiter structure, 
Figure 8 shows a second example of the limiter structure, 
Figure 9 shows a third example of the limiter structure, and 

30 Figure 10 shows an example of a transmitter. 

DESCRIPTION OF EMBODIMENTS 

[0014] The solution according to the invention is particularly appli- 
cable to WCDMA (Wide Band Code Division Multiple Access) radio systems, in 
which Direct Sequence (DS) technique is employed. Other applications may 
35 include satellite systems, military telecommunications systems and individual 
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non-cellular networks. However, the solution of the invention is not restricted 
thereto. 

[0015] In the following, the preferred embodiments of the invention 
are described in the UMTS (Universal Mobile Telephone System) system with- 
5 out restricting the invention thereto. 

[0016] With reference to Figure 1, the structure of a mobile commu- 
nication system is explained by way of example. The main parts of the mobile 
communication system are a core network CN, a UMTS terrestrial radio ac- 
cess network UTRAN and user equipment UE. The interface between the CN 
10 and the UTRAN is referred to as lu, and the air interface between the UTRAN 
and the UE is referred to as Uu. 

[0017] The UTRAN comprises radio network subsystems RNS. The 
interface between the RNSs is referred to as lur. The RNS comprises a radio 
network controller RNC and one or more nodes B. The interface between the 
15 RNC and node B is referred to as lub. The coverage area, or cell, of node B is 
marked with the letter C in the Figure. 

[0018] The description shown in Figure 1 is relatively general, and 
therefore a more detailed example of a cellular radio system is illustrated in 
Figure 2. Figure 2 comprises the most essential blocks only, but it is apparent 
20 for those skilled in the art that a conventional cellular radio system also in- 
cludes other functions and structures, which need not be explained in more 
detail herein. In cellular radio systems, the details may differ from what is 
shown in Figure 2, but these differences are not relevant for the invention. 

[0019] A cellular radio network typically comprises a fixed network 
25 infrastructure, i.e. a network part 200, and user equipment 202, which may be 
fixedly located, vehicle-mounted or portable hand-held terminals, such as mo- 
bile phones or laptop computers, which may be used to communicate with a 
radio communication system. The network part 200 comprises base stations 
204. The base station corresponds to node B shown in the previous Figure. 
30 Several base stations 204, in turn, are controlled in a centralized manner by a 
radio network controller 206 communicating therewith. The base station 204 
comprises transceivers 208 and a multiplexer 212. 

[0020] The base station 204 further comprises a control unit 210 
controlling the operation of the transceivers 208 and the multiplexer 212. The 
35 multiplexer 212 arranges the traffic and control channels used by several 
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transceivers 208 to a single transmission connection 214 that forms an inter- 
face lub. 

[0021] The transceivers 208 in the base station 204 are connected 
to an antenna unit 218, which is used for implementing a radio connection 216 
5 to the user equipment 202. The structure of the frames to be transmitted on the 
radio connection 216 is defined separately in each system, and referred to as 
an air interface Uu. 

[0022] The radio network controller 206 comprises a group switch- 
ing field 220 and a control unit 222. The group switching field 220 is used for 
10 connecting speech and data and for combining signalling circuits. The base 
station 204 and the radio network controller 206 form a radio network subsys- 
tem 224, which further comprises a transcoder 226. The transcoder 226 is 
generally located as close to a mobile services switching centre 228 as possi- 
ble, since speech can then be transferred in cellular radio network form be- 
15 tween the transcoder 226 and the radio network controller 206, thus saving 
transmission capacity. 

[0023] The transcoder 226 converts different digital speech coding 
forms used between a public switched telephone network and a radio network 
to be compatible. The control unit 222 performs call control, mobility manage- 
20 ment, collection of statistical data and signaling. 

[0024] Figure 2 also shows the mobile services switching centre 
228 and a gateway mobile services switching centre 230, which handles the 
connections from the mobile communications system to the outside world, in 
this case to a public switched telephone network 232. 
25 [0025] Next, in Figures 3, 4 and 5 the method for limiting a signal in 

a transmitter is described in more detail. A signal is limited in the method typi- 
cally by clipping power or amplitude values. A preferred embodiment of the 
invention is described in the flow chart shown in Figure 3. A second preferred 
embodiment of the method, in which orthogonalization of an error signal is also 
30 carried out in order to reduce correlation, i.e. interference caused to other us- 
ers, is described in Figure 4. A preferred embodiment of the invention that is 
applicable to multiple carrier systems is described in Figure 5. What is typical 
for all preferred embodiments of the invention is that the need to limit the signal 
is determined from a signal filtered using a pulse shaping filter, whereby the 
35 effect of the pulse shaping filter should be considered, but the signal that is to 
be clipped is a non-filtered signal. Consequently, the ACLR {Adjacent Channel 
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Leakage Power Ratio) is minimized. Pulse shaping filters are well known in the 
art, and are therefore not explained in more detail herein. As regards the pulse 
shaping filters, the main principle is that the frequencies outside the desired 
frequency band are filtered in order to reduce interference. 
5 [0026] Carrying out a preferred embodiment of the method starts 

from block 300. A limiting signal is determined in block 302 from a transmissi- 
ble signal filtered using a pulse shaping filter. Typically, the limiting signal is 
determined in such a manner that the signal comprises power or amplitude 
values, which are to be clipped from the transmissible signal in order to reach 

10 the object of the peak-to-average ratio. These values can be determined in 
various ways. A threshold value may for instance be set for the power or ampli- 
tude values. A number of system-specific matters may be considered when the 
threshold value is set, and examples thereof include a predetermined maxi- 
mum value for an error vector magnitude, a predetermined maximum value for 

15 a peak code domain error or a desired Peak-to-Mean Ratio, Peak-to-Average 
Ratio, Crest factor of power or amplitude. If the transmissible signal does not 
have to be limited, the signal can be applied to other parts of the transmitter as 
such, typically to the RF parts. 

[0027] Next in Figure 6, the determination of an error vector magni- 

20 tude is explained. A simple example of a signal space diagram is described in 
Figure 6 that allows illustrating the location of the modulated symbols. The ex- 
ample describes a two-dimensional signal space diagram of a phase- 
modulated signal, when the modulation includes four levels. The system thus 
employs four different signals or pulse modes. In the example shown in Figure 

25 6, points 604, 606, 608, 610 describe different signals, or signal space diagram 
states. The signal is provided with a different phase module in the different 
states 604, 606, 608, 610 of the signal space diagram. The number of states in 
the signal space diagram varies depending on the modulation method; the 
greater the number of states the greater the data transmission capacity of the 

30 system. The signal space diagram can be shown in accordance with Figure 6 
as a circle of a unit, but other ways of illustrating also exist. 

[0028] In the Figure, a quadrature component of a modulated signal 
is placed on the horizontal axis 600 and an in-phase component is placed on 
the vertical axis 602. Such a modulation method is concerned, in which a sig- 

35 nal is divided into phase and quadrature components. 
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[0029] Circles 612, 614, 616, 618 describe an area, in which the 
signals representing different symbols owing to different kinds of interference 
are actually placed. The signal space diagram is formed in such a manner that 
the phasor diagrams of different signals provided with determined phase dif- 
5 ferences are placed in the same Figure. A phasor diagram 620 is shown in 
Figure 6 describing the amplitude of a single signal. An angle 624 describes 
the phase difference of the signal. The phasor diagram shown for the signal is 
^cos(2^ + (f>) , where A refers to the amplitude of the signal, fo to the average 
frequency, t to time and <J> to the phase difference. 

1 0 [0030] An arrow 622 describes a vector that represents the distance 

between the location of a signal that is free of interference and the actual loca- 
tion of the symbol. In the example shown in the Figure, interference is summed 
into the modulated signal. The vector 622 is referred to as an error vector 
magnitude (EVM). The error vector is an indicator of modulation quality accord- 

1 5 ing to the prior art. 

[0031] An error signal is determined in block 304 using the trans- 
missible signal and the limiting signal. The error signal is preferably determined 
so that the limiting signal determined in block 302 is reduced from the trans- 
missible signal filtered using the pulse shaping filter. 

20 [0032] Next, a limited transmissible signal is formed in block 306 by 

reducing the error signal filtered using the filter matched to a chip pulse wave- 
form from an appropriately delayed transmissible signal. The transmissible 
signal is preferably delayed as much as the determination of the limiting signal 
and the required signal processing require. Filtering by means of the filter 

25 matched to the chip pulse waveform, the error signal could be restored to chip 
level. Different arranged filters are known for those skilled in the art and the 
way to implement the arranged filter is not relevant for the invention, and the 
filters will therefore not be explained in more detail herein. The excessive 
power or amplitude values have thus been removed from the limited transmis- 

30 sible signal. The obtained limited transmissible signal is then applied to the 
other parts of the transmitter. 

[0033] Carrying out a preferred embodiment of the method ends in 
block 308. It should be noted that the limited signal, the error signal and the 
transmissible signal are preferably of baseband during the limitation. 

35 [0034] The second preferred embodiment of the method is de- 

scribed in greater detail in Figure 4. A signal comprising power or amplitude 
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values to be clipped is orthogonalized in the method. In this application, such a 
signal is referred to as an error signal. The idea of orthogonalization is to re- 
duce the peak-to-average-ratio. The method starts from block 400. 

[0035] In block 402, a limiting signal is determined from the trans- 

5 missible signal filtered using the pulse shaping filter. Typically, the limiting sig- 
nal is determined in such a manner that the signal comprises power or ampli- 
tude values, which are to be clipped from the transmissible signal. These val- 
ues can be determined in various ways. The power or amplitude values can for 
instance be provided with a threshold value. Several system-specific measures 

1 0 may be considered when setting the threshold value, such as a predetermined 
maximum value for an error vector magnitude, a predetermined maximum 
value for a peak code domain error or a desired peak-to-mean ratio, peak-to- 
average ratio, crest factor of power or amplitude. If the transmissible signal 
need not be limited, the signal can be applied to other parts of the transmitter 

15 as such, typically to the RF parts. 

[0036] An error signal is determined in block 404 using the limiting 
signal and the transmissible signal. The error signal is preferably determined in 
such a manner that the limiting signal is reduced from the transmissible signal 
filtered using the pulse shaping filter. 

2o [0037] In block 406, the error signal is orthogonalized. The object of 

orthogonalization is to reduce the peak-to-average-ratio. The error signal to be 
orthogonalized is an error signal filtered using the filter matched to the chip 
pulse waveform, since the error signal can thus be restored to chip level. Dif- 
ferent arranged filters are known for those skilled in the art and the implemen- 

25 tation of the filter to be arranged is not relevant for the invention, and the filters 
will therefore not be explained in more detail in this context. 

[0038] The orthogonalization example shown here is appropriate to 
be used in a broadband direct sequence system, since the «odes to be used 
for orthogonalization are spreading codes. Orthogonalization can be imple- 

30 mented in other systems too, whereby especially selected orthogonalization 
codes are employed in orthogonalization. The limiting signal is at least sub- 
stantially a pseudo noise signal, or a random signal. Mathematically the ran- 
dom signal can be orthogonalized in accordance with prior art by minimizing 
the equation 
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where 

xi, x p refer to symbols, which form a vector X to be minimized, 
5 p refers to the number of codes to be used in orthogonalization, 

01,1, c n f p refer to spreading codes forming a code matrix C used 
in orthogonalization, 

n refers to the length of a code to be orthogonalized, and 
yi . — . Yn refer to random signal samples forming a vector Y. 

10 

[0039] A least square estimate for X is indicated in the following 
form 



15 



20 



where 

C refers to a spreading code matrix, 
T indicates the transpose of the matrix, 
Y refers to a random signal vector. 



(2) 



[0040] Matrix C preferably consists of un-used spreading codes. 
Typically, spreading codes with the smallest possible cross correlation are to 
be selected for the system. Thus, the interference caused by different users to 
one another is minimized. If matrix C consists of un-used codes only, the or- 

25 thogonalization does not cause any interference for other users. 

[0041] It is generally known that the smaller the number of levels in 
the modulation method the greater the tolerance of interference. Then again, 
the transmission rate of the transmissible signal increases while the number of 
modulation method levels increases. It is therefore preferable to employ differ- 

30 ent modulation methods irrespective of the purpose of use. If various modula- 
tion methods are used in a radio system, meaning that for instance different 
modulation methods are employed for speech, slow or fast data connections, 
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then codes allocated for a lower modulation level can be selected as the codes 
of matrix C. 

[0042] For example, HSPA (High Speed Data Packet Access) en- 
dures poorly the clipping of signals. Then matrix C preferably consists of the 
5 codes, which have not been used for spreading HSDPA signals. The length n 
of the codes is set to correspond with the length of HSDPA codes. 

[0043] Since the number of orthogonalizing codes is generally too 
small in practical systems and since the codes for different reasons are not 
completely non-correlating, the peak values of the transmissible signal must 

10 also be clipped in addition to orthogonalization in order to obtain the peak-to- 
average-ratio. Thus, a limited transmissible signal is generated in block 408 by 
reducing the ortogonalized error signal from an appropriately delayed trans- 
missible signal. The transmissible signal is preferably delayed as much as the 
time the determination of the limiting signal and the required signal processing 

15 require. The obtained limited transmissible signal is then applied to the other 
parts of the transmitter. 

[0044] The second preferred embodiment of the method ends in 
block 410. The second preferred embodiment of the method requires more 
processing and is therefore slower than the first one. The second embodiment 

20 is applicable to be used especially when the peak-to-mean-average, crest fac- 
tor is provided with a strict limit. It should be noted that the limiting signal, the 
error signal and the transmissible signal are preferably of baseband during 
limitation. 

[0045] The second preferred embodiment of the method can be fur- 
25 ther emphasized by adding a second clipping stage. Then in addition to the 
first determined error signal, a second limiting signal is determined in block 402 
from the first limited transmissible signal filtered using the pulse shaping filter. 
Typically, the limiting signal is determined in such a manner that the signal 
comprises the power or amplitude values, which are to be clipped from the 
30 transmissible signal. These values can be determined in various ways. The 
power or amplitude values can for instance be provided with a threshold value. 
Several system-specific measures can be considered when setting the thresh- 
old value, such as a predetermined maximum value for an error vector magni- 
tude, a predetermined maximum value for a peak code domain «rror or a de- 
35 sired peak-to-mean ratio, peak-to-average ratio, crest factor of the power or 
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amplitude. If the transmissible signal need not be limited, the signal can be 
applied to other parts of the transmitter as such, typically to the RF parts. 

[0046] A second error signal is determined in block 408 by means of 
the first limited transmissible signal and the second limiting signal. The error 
5 signal is preferably determined so that the second limiting signal is reduced 
from the first limited transmissible signal. 

[0047] The second limited transmissible signal is generated by re- 
ducing the second error signal filtered using the filter matched to the chip pulse 
waveform from an appropriately delayed transmissible signal. The transmissi- 
10 ble signal is delayed preferably as much as the time the determination of the 
limited signal and the required signal processing require. The error signal is 
restored to chip level by filtering it using the filter matched to the chip pulse 
waveform. Different arranged filters are known for those skilled in the art and 
the implementation of an arranged filter is not relevant for the invention, and 
1 5 the filters will therefore not be explained in more detail herein. 

[0048] The second limited transmissible signal is filtered using the 
pulse shaping filter. The obtained limited transmissible signal is then applied to 
other parts of the transmitter, typically to the RF parts. 

[0049] The addition of a second clipping stage naturally increases 
20 the processing time and is therefore usable when the clipping must fulfil par- 
ticularly accurate conditions. 

[0050] The preferred embodiment of the method to be described in 
the following is applicable to be used in multiple carrier systems. The preferred 
embodiment of the method starts from block 500. At least two signals modu- 
25 lated on different carriers are combined to a combination signal in block 502. 
The combination of signals is implemented in the prior art typically by adding 
together the signals modulated onto different carriers. Thus, a multicarrier 
transmitter is used as the radio transmitter. How the combination is/carried out 
is not relevant for the invention, and is therefore not explained in more detail in 
30 this context. 

[0051] In block 504, a limiting signal is determined from the combi- 
nation signal filtered using the pulse shaping filter. Typically, the limiting signal 
is determined in such a manner that the signal comprises power or amplitude 
values, which are to be clipped from the combination signal. These values can 
35 be determined in various ways. The power or amplitude values may, for in- 
stance, be provided with a threshold value. Several system-specific measures 
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may be considered when setting the threshold value, such as a predetermined 
maximum value for an error vector magnitude, a predetermined maximum 
value for a peak code domain error or a desired peak-to-mean ratio, peak-to- 
average ratio, crest factor of the power or amplitude. If the transmissible signal 
5 need not be limited, the signal can be applied to other parts of the transmitter 
as such, typically to the RF parts. 

[0052] In block 506, an error signal is determined using the combi- 
nation signal and the limiting signal. Preferably, the error signal is determined 
by reducing the limiting signal from the combination signal generated from the 

1 0 transmissible signals filtered using the pulse shaping filter. 

[0053] In block 508, the error signal is divided onto different carriers 
in a predetermined manner. The division may be carried out, for instance, in 
such a manner that the error signal is divided equally to all carriers. The error 
signal may for instance also be divided onto different carriers so that more of 

15 the error signal is assigned to the carriers including most power or amplitude 
peaks. Different reasons for dividing exist and the appropriate one is selected 
according to the situation. 

[0054] Next, in block 510 limited transmissible signals are gener- 
ated by reducing each error signal filtered using the filter matched to the chip 

20 pulse waveform from a corresponding appropriately delayed transmissible sig- 
nal. The limited transmissible signals are preferably determined so that the 
error signal is reduced from the appropriately delayed transmissible signal, i.e. 
from an ideal transmitted signal. The ideal transmitted signal is the signal, 
which would be received, if the transmissible signal were not to encounter er- 

25 rors on the radio channel. The transmissible signal is preferably delayed as 
much as the determination of the limiting signal and the required signal proc- 
essing require. Each error signal is reduced from the transmissible signal that 
allows determining the error signal. 

[0055] In this embodiment of the method, a combined limited trans- 

30 missible signal can be generated by combining the limited transmissible sig- 
nals for instance using a summer. Orthogonalization of the -error signal -can 
also be added to the preferred embodiment of the invention described herein. 
In a multiple carrier system, the signals are orthogonalized according to carri- 
ers, in other words after block 508. 

35 [0056] The preferred embodiment of the method -ends in -block 512. 
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[0057] Next, the structure of a limiter is explained in Figure 7, to 
which the preferred embodiment of the invention previously described in Figure 
3 can be applied. Symbol y indicates a transmissible signal, from which sam- 
ples are taken in sampling means 700. A filter 702 is the pulse shaping filter, 
5 whose output signal is indicated with symbol s. The pulse shaped information 
signal samples s are fed into block 704, where amplitude or power values to be 
limited are searched. If no need for limitation occurs, the signal sample is de- 
layed as much as the limiting processing requires in delay block 708 and is fed 
into output 1. if a need for limitation occurs, the part to be limited of the signal 

10 sample, or the part of the power or amplitude, which is too high (such a signal 
being referred to as a limiting signal herein) is changed so as to be of opposite 
sign in a multiplier 710 and reduced from the transmissible signal in a summer 
712. Therefore, the error signal e is obtained using the formula e = s - x. The 
error signal is applied to the filter matched to the chip pulse waveform de- 

15 scribed in Figure 7 by blocks 714 and 716. In block 714, the sampling fre- 
quency is reduced. The filters matched to the chip pulse waveform are gener- 
ally known in the art, and they will therefore not be explained in more detail in 
this context. 

[0058] The filtered error signal is reduced in a summer 720 from the 

20 transmissible signal delayed in block 718. The transmissible signal is delayed 
for the duration of the previously described processing. It should be noted that 
the transmissible signal arriving at the summer 720 is not pulse-shaped. Next, 
the limited transmissible signal is applied through a sampling block 722 and a 
pulse shaping filter 724 to other parts of the transmitter, mainly to the RF parts. 

25 [0059] In the following, the structure of a limiter is explained in Fig- 

ure 8, to which the preferred embodiment of the invention previously described 
in Figure 4 including a second clipping stage can be applied. It is apparent for 
those skilled in the art that such a structure can be simplified by removing the 
second clipping stage. The process is then accelerated. The structure that also 

30 includes a second clipping stage is particularly applicable to situations, in 
which specifically precise objectives are set for the limitation of the signal. 
Symbol y indicates the transmissible signal, from which samples are taken in 
sampling means 800. A filter 802 is the pulse shaping filter, whose output sig- 
nal is indicated with symbol s. The pulse shaped information signal samples s 

35 are fed into block 804, where amplitude or power values to be limited are 
searched. The part to be limited of the signal sample, or the part of the power 
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or amplitude, which is too high (such a signal being referred to as a limiting 
signal herein) is changed so as to be of opposite sign in a multiplier 806 and 
reduced from the transmissible signal in a summer 808. Therefore, the first 
error signal ei is obtained using the formula ei = s - Xi. The first error signal is 
5 applied to the filter arranged into the chip described in Figure 8 by blocks 810 
and 812. In block 812, the sampling frequency is reduced. The filters matched 
to the chip pulse waveform are generally known in the art, and they will there- 
fore not be explained in more detail in this context. 

[0060] Next, the first error signal is applied to a multiplier 814, in 
10 which a scrambling code is removed from the signal by multiplying the signal 
by a complex conjugate of the scrambling code. Block 816 is an orthogonaliza- 
tion block, in which the first error signal is orthogonalized as shown in Figure 4. 
The orthogonalized first error signal is multiplied by the scrambling code in a 
multiplier 818. 

15 [0061] The orthogonalized first error signal is reduced in a summer 

822 in block 830 from the delayed transmissible signal. The transmissible sig- 
nal is delayed for the duration of the previously described processing. The first 
limited transmissible signal obtained as a result thereof is applied to a sam- 
pling block 824 to a pulse shaping filter 826. 

20 [0062] Next, a second limiting signal and a second error signal are 

determined in blocks 828, 832 and 834. The second limiting signal and the 
second error signal are determined in a corresponding manner as the first limit- 
ing signal and the first error signal. If the desired peak-to-average-ratio is 
reached already with the first limited transmissible signal, i.e. no power or am- 

25 plitude values to be clipped are found in block 828, then naturally neither the 
second limiting signal is determined nor the second error signal. Hence, the 
first limited transmissible signal is applied to a delay block 830, in which the 
signal is delayed for the time the second stage processing takes, and to output 
1. 

30 [0063] The second error signal is also filtered using the filter ar- 

ranged into the chip described in blocks 836, 838. The filtered second error 
signal is reduced in a summer 842 from the delayed transmissible signal in 
block 840. The transmissible signal is delayed for the duration of the previously 
described processing. The obtained second limited transmissible signal is ap- 

35 plied through a sampling block 844 and a pulse shaping filter 846 to output 2. 
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[0064] Next in Figure 9, the structure of a limiter is explained, to 
which a preferred embodiment of the invention previously described in Figure 5 
can be applied. A third preferred embodiment of the method is applicable to 
multiple carrier systems. For clarity, the Figure shows only two different carri- 
5 ers fi and f 2 . However, it is apparent for those skilled in the art that the number 
of carriers varies according to applications. In Figure 9, the first transmissible 
signal is indicated with symbol yi and the second signal with symbol y 2 . At first 
the transmissible signal yi is sampled in block 900 and filtered using a pulse 
shaping filter 902 and the transmissible signal y 2 is sampled in block 904 and 
10 filtered using a pulse shaping filter 906. Thereafter, both transmissible signals 
are up converted to intermediate frequencies by means of multipliers 908 and 
910. The intermediate frequency transmissible signals are combined in a 
summer 912. 

[0065] The actual limitation is carried out for a baseband pulse 

15 shaped combined transmissible signal s. Amplitude or power values to be lim- 
ited are searched for in block 914. If no need for limitation occurs, the signal 
sample is delayed as long as the limitation process in delay block 916 takes, 
and is then fed to output 1. The part to be limited of the signal sample, i.e. the 
part of the power or amplitude that is too high (such a signal being referred to 

20 as a limiting signal, x, herein) is changed to a signal of opposite sign in a multi- 
plier 918 and reduced from the signal transmitted in a summer 920. Conse- 
quently, the error signal e is obtained using the formula e = s - x. 

[0066] In block 922, the error signal is divided onto different carriers, 
or different transmissible signals. The reasons for division are described above 

25 in Figure 5. The divided error signals are down converted to baseband in mul- 
tipliers 924, 926. The error signals are filtered using the filters matched to the 
chip pulse waveform illustrated in blocks 928, 932 and 930, 934. 

[0067] The part of the error signal assigned to the transmissible sig- 
nal of the first carrier is reduced from the first baseband transmissible signal in 

30 a summer 948. The first error signal is at first delayed for the duration of the 
processing time elapsed in delay block 946. The part assigned to the transmis- 
sible signal of the second carrier is reduced from the second baseband trans- 
missible signal in a summer 938. The second error signal is at first delayed for 
the duration of the processing time elapsed in delay block 936. The limited 

35 transmissible signals are sampled in blocks 940, 950 and filtered by means of 
pulse shaping filters 942, 952. After this, the signals are up converted to an 
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intermediate frequency in multipliers 944, 956. The intermediate limited and 
pulse shaped transmissible signals are summed for transmission in a summer 
954 and are applied to output 2. If desired, the orthogonalization of the error 
signal is carried out in accordance with the carriers, in other words before the 

5 summers 938 and 948. 

[0068] The invention is explained in the following with reference to 
Figure 10, where for the sake of clarity a simplified example of the base station 
transmitter is illustrated by means of an embodiment in a block diagram. It is 
apparent for those skilled in the art that the transmitter may include other parts 
1 0 as well than only those that are described in connection with Figure 10. 

[0069] Signal-processing block 1000 describes the apparatus parts 
of the base station, which are required for generating speech or data in the 
transmitter. The information string, or signal, consisting of symbols, i.e. of one 
or more bits, is processed in different ways in the transmitter. Signal process- 
15 ing including for instance coding, is implemented in general in a DSP proces- 
sor (DSP = Digital Signal Processing). If the transmission in the system is in 
frame form, and the frames comprising time slots, the frames are formed typi- 
cally in the DSP processor, as well as the interleaving of symbols. Signal cod- 
ing and interleaving aim to ensure that the information sent can be retrieved in 
20 the receiver, even if not all information bits could be received. 

[0070] In block 1002, the signal is modulated using a desired modu- 
lation method. One or more modulation methods can be used depending upon 
the system. Speech and data may require, for instance, specific modulation 
methods. In modulation, the selected carrier is modulated using data in such 
25 manner that the desired earner characteristics, frequency, amplitude and/or 
phase, transfer information on a radio channel. Modulation methods are de- 
scribed in literature relating to this particular field. 

[0071] Block 1004 describes the multiplication carried out by a 
spreading code in direct sequence systems for the information to be transmit- 
30 ted by which the narrowband signal is spread onto broadband. The limitation 
of the transmissible signal is carried out in block 1006 comprising one of the 
limiter structures described in Figures 7, 8 or 9. Preferably, block 1006 is eon- 
trolled by control block 210. The control "block may be the same as the block 
controlling the operation of the entire base station. The control block and a 
35 buffer memory 1012 allow determining, for example, a threshold, and the 
power or amplitude values exceeding the threshold will be clipped. Block 1O06 
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may also include several of the structures shown in Figures 7, 8 and 9, 
whereby the control block controls the choice of limiter structure. For example, 
if orthogonalization is required, the structure illustrated in Figure 8 is selected, 
otherwise the structure shown in Figure 7, for instance. 
5 [0072] Converting the signal from digital mode into analogue mode 

is carried out in block 1008. In RF parts 1010, the signal is up converted to a 
selected transmission frequency, amplified and filtered, if necessary. An an- 
tenna 218 may be an individual antenna or a group antenna formed of several 
antenna elements. 

10 [0073] The invention is preferably implemented by software, 

whereby the base station 204 typically comprises a microprocessor, in which 
the functions according to the method described are implemented as functional 
software. It is apparent for those skilled in the art that the functions according 
to the method for limiting the transmissible signal can be implemented also in a 

15 spread system, whereby for example the setting of a clipping threshold is car- 
ried out in the radio network controller and the clipping is performed in the 
base station. The invention can also be carried out for instance using an appa- 
ratus solution offering the required functionality, such as ASIC (application 
Specific Integrated Circuit) or utilizing separate logic components. 

20 [0074] Even though the invention has above been described with 

reference to the example in the accompanying drawings, it is apparent that the 
invention is not restricted thereto but can be modified in various ways within 
the scope of the inventive idea disclosed in the attached claims. 
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CLAIMS 

1. A method for limiting a signal in a transmitter at chip level, 
characterized by 

(302) determining a limiting signal from a transmissible signal fil- 
5 tered using a pulse shaping filter, 

(304) determining an error signal using the transmissible signal and 
the limiting signal, 

(306) generating a limited transmissible signal by reducing an error 
signal filtered using the filter matched to a chip pulse waveform from the trans- 
10 missible signal. 

2. A method for limiting a signal in a transmitter at chip level, 
characterized by 

(402) determining a limiting signal from a transmissible signal fil- 
tered using a pulse shaping filter, 
15 (404) determining an error signal using the transmissible signal and 

the limiting signal, 

(406) orthogonalizing the error signal filtered using the filter matched 
to a chip pulse waveform, 

(408) generating a limited transmissible signal by reducing the or- 
20 thogonalized error signal from the transmissible signal. 

3. A method for limiting a signal in a transmitter at chip level, 
characterized by 

(502) combining at least two signals modulated on different carriers 
to a combination signal, 
25 (504) determining a limiting signal from the combination signal fil- 

tered using a pulse shaping filter, 

(506) determining an error signal using the combination signal and 
the limiting signal, 

(508) dividing the error signal onto different carriers in a predeter- 
30 mined manner, 

(510) generating limited transmissible signals by reducing each er- 
ror signal part filtered using the filter matched to a chip pulse waveform from a 
corresponding transmissible signal. 

4. A method as claimed in claim 1,2 or 3, characterized in 
35 that the transmissible signal is a baseband signal. 
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5. A method as claimed in claim 1 or 2, characterized in that 
the limiting signal is a baseband signal. 

6. A method as claimed in claim 1 or 2, characterized in that 
the error signal is a baseband signal. 

7. A method as claimed in claim 1,2 or 3, characterized in 
that the limiting signal is determined by means of a threshold value set for the 
power or amplitude values. 

8. A method as claimed in claim 1,2 or 3, characterized in 
that the limiting signal is determined by means of a threshold value set for the 
power or amplitude values, the threshold value being set bearing in mind the 
maximum value predetermined for an error vector magnitude. 

9. A method as claimed in claim 1,2 or 3, characterized in 
that the limiting signal is determined by means of a threshold value set for the 
power or amplitude values, the threshold value being set bearing in mind the 
maximum value predetermined for a peak code domain error. 

10. A method as claimed in claim 1,2 or 3, characterized in 
that the limiting signal is determined by means of a threshold value set for the 
power or amplitude values, the threshold value being set so as to obtain the 
desired Peak-to-Mean Ratio, Peak-to-Average Ratio, Crest factor of the power 
or amplitude. 

1 1 . A method as claimed in claim 2, characterized in that a 
second clipping stage is added. 

12. A method as claimed in claim 2, characterized in that 
orthogonalization is carried out by minimizing the equation 
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1 3. A method as claimed in claim 2, characterized in that 
unused codes are utilized in orthogonalization. 

14. A method as claimed in claim 2, characterized in that 
codes used at a lower modulation level are utilized in orthogonalization. 

15. A method as claimed in claim 2 or 3, characterized in 
that the orthogonalization of the error signal is carried out according to carriers. 

16. A method as claimed in claim 3, characterized in that 
the error signal is divided equally ^between different carriers. 
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17. A method as claimed in claim 3, characterized in that 
the error signal is divided between different carriers in relation to the power or 
amplitude values to be clipped. 

18. A transmitter limiting a signal at chip level, character- 

5 i z e d in that 

the transmitter comprises means (704) for determining a limiting sig- 
nal from a transmissible signal filtered using a pulse shaping filter, 

the transmitter comprises means (704, 710, 712) for determining an 
error signal using the transmissible signal and the limiting signal, 
10 the transmitter comprises means (720) for generating a limited 

transmissible signal by reducing the error signal filtered using the filter 
matched to a chip pulse waveform from the transmissible signal, 

the transmitter comprises means (722, 724) for filtering the limited 
transmissible signal using the pulse shaping filter. 
15 19. A transmitter limiting a signal at chip level, character- 

ized in that 

the transmitter comprises means (804) for determining a first limiting 
signal from a transmissible signal filtered using a pulse shaping filter, 

the transmitter comprises means <804, 806, 808) for determining a 
20 first error signal using the transmissible signal and the first limiting signal, 

the transmitter comprises means (816) for orthogonalizing the first 
error signal filtered using the filter matched to a chip pulse waveform, 

the transmitter comprises means (822) for generating a first limited 
. transmissible signal by reducing the orthogonalized first error signal from the 

25 transmissible signal, 

the transmitter comprises means (828) for determining a second 
limiting signal from the first limited transmissible signal filtered using the puise 
shaping filter, 

the transmitter comprises means <828, 832, 834) for determining a 
30 second error signal using the first limited transmissible signal and the second 
limiting signal, 

the transmitter comprises means <842) for generating a second lim- 
ited transmissible signal by reducing the -second error signal filtered using the 
filter matched to a chip pulse waveform from the transmissible signal, 
35 the transmitter comprises means (844, 846) for filtering the second 

limited transmissible signal using the putee shaping filter. 
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20. A transmitter limiting a signal at chip level, character- 
ized in that 

the transmitter comprises means (912) for combining at least two 
signals modulated on different carriers to a combination signal, 
5 the transmitter comprises means (914) for determining a limiting sig- 

nal from the combination signal filtered using a pulse shaping filter, 

the transmitter comprises means (914, 918, 920) for determining an 
error signal using the combination signal and the limiting signal, 

the transmitter comprises means (922) for dividing the error signal 
10 onto different carriers in a predetermined manner, 

the transmitter comprises means (938, 948) for generating limited 
transmissible signals by reducing each error signal part filtered using the filter 
matched to a chip pulse waveform from a corresponding transmissible signal, 
the transmitter comprises means (940, 942, 950, 952) for filtering 
1 5 the limited transmissible signals using the pulse shaping filter, 

the transmitter comprises means (954) for generating a combined 
limited transmissible signal by combining the filtered limited transmissible sig- 
nals. 

21. A transmitter limiting a signal at chip level, character- 
20 ized in that 

the transmitter comprises means (902, 906) for filtering transmissi- 
ble signals modulated on different carriers using pulse shaping filters, 

the transmitter comprises means<912) for combining at least two fil- 
tered signals to a combination signal. 
25 tne transmitter comprises means (914) for determining a limiting 

signal from the combination signal, 

the transmitter comprises means (914, 918, 920) for determining an 
error signal using the combination signal and the limiting signal, 

the transmitter comprises means (922) for dividing the error signal 
30 onto different carriers in a predetermined manner, 

the transmitter comprises means (938, 948) for generating limited 
transmissible signals by reducing each error signal part filtered using the filter 
matched to a chip pulse waveform from a corresponding transmissible signal, 
the transmitter comprises means <940, 942, 950, 952) for filtering 
35 the limited transmissible signals using the pulse shaping filter, 
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the transmitter comprises means (954) for generating a combined 
limited transmissible signal by combining the filtered limited transmissible sig- 
nals. 

22. A transmitter as claimed in claim 18, 19 or 20, character- 
5 i z e d in that the transmissible signal is a baseband signal. 

23. A transmitter as claimed in claim 18 or 19, character- 
ized in that the limiting signal is a baseband signal. 

24. A transmitter as claimed in claim 18 or 19, character- 
ized in that the error signal is a baseband signal. 

10 25. A transmitter as claimed in claim 18, 19 or 20, character- 

ize d in that the transmitter comprises the means (704, 804, 828, 914) for 
determining the limiting signal by means of a threshold value set for the power 
or amplitude values. 

26. A transmitter as claimed in claim 18, 19 or 20, character- 
15 i zed in that the transmitter comprises the means (704, 804, 828, 914) for 

determining the limiting signal by means of a threshold value set for the power 
or amplitude values, the threshold value being set bearing in mind the maxi- 
mum value predetermined for an error vector magnitude. 

27. A transmitter as claimed in claim 18, 19 or 20, character- 
20 ized in that the transmitter comprises the means (704, 804, 828, 914) for 

determining the limiting signal is determined by means of a threshold value set 
for the power or amplitude values, the threshold value being set bearing in 
mind the maximum value predetermined for a peak code domain error. 

28. A transmitter as claimed in claim 18, 1 9 or 20, character- 
25 i ze d in that the transmitter comprises the means (704, 804, 828, 914) for 

determining the limiting signal by means of a threshold value set for the power 
or amplitude values, the threshold value being set so as to obtain the desired 
Peak-to-Mean Ratio, Peak-to-Average Ratio, Crest factor of the power or am- 
plitude. 

30 29. A transmitter as claimed in claim 19 or 20, character- 

ized in that the orthogonalization of the error signal is carried out according 
to carriers. 

30. A transmitter as claimed in claim 20, characterized in 
that the transmitter comprises the means (922) for dividing the error signal 
35 equally between different carriers. 
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31 . A transmitter as claimed in claim 20, characterized in 
that the transmitter comprises the means (922) for dividing the error signal be- 
tween different carriers in relation to the power or amplitude values to be 
clipped. 

5 32. A transmitter as claimed in claim 19, characterized in 

that the transmitter comprises the means (816) for carrying out orthogonaliza- 
tion by minimizing the equation 

jx| x 2 ... Xp 

33. A transmitter as claimed in claim 19, characterized in 
10 that the transmitter comprises the means (816) for carrying out orthogonaliza- 

tion utilizing unused codes. 

34. A transmitter as claimed in claim 19, characterized in 
that the transmitter comprises the means (816) for carrying out orthogonaliza- 
tibn utilizing codes used at a lower modulation level. 
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